A model experiment is presented for the quantitative selection of relative scientometric impact indicators used in evaluating the scientific impact of papers. The Relative Subfield Citedness (Rw) indicator proved to be the most appropriate according to the cri.teria chosen. Rw increases with the number of citations to the papers and, in contrast to other relative impact indicators, does not decrease if an author chooses to publish most of his papers in journals with large impact factors or if most of the citations to his papers are to the ones in journals with the largest impact factors.
Introduction
The fundamental paradigm of Scientometrics is that science as information producing activity has quantitative aspects which can be characterized by quantitative methods. Scientometric indicators are measures which characterize various aspects of science and scientific research quantitatively. References and citations represent two of the most important categories of the measurable quantities in investigating production and flow of scientific information. Scientometricians prefer indicators for evaluation based on the numbers of citations, references and impact factors of journals. It is a common belief that receiving more citations and publishing more papers in prestigeous periodicals than the average would indicate scientific eminency. The questions, however, arise: what is the international standard of the expected (required) number of citations in a special subfield within a given time-period for a single paper or a set of papers and what are the criteria for determining the prestige of journals, quantitatively. The author of the present paper does not attempt to answer these questions. Instead, some qualitative criteria of evaluation by scientometric methods concluded from literature studies are suggested and the compatibility of different relative indicators are investigated by a quantitative model.
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Definition and methods
Possible calculation methods of relative impact indicators
There are several scientometric indicators characterizing scientific impact by counting citations and relating them to impact factors. 1 The performance of individuals or teams can be assessed by comparison. 2 Consequently, relative indicators which relate individual performances to an absolute standard are most relevant, The selection of the standards is, however the most crucial part of the assessment. For relating the numbers of citations, one possible solution is to select an "expected number of citations" (EC) as standard) The EC index can be approximated e.g. by the sum of impact factors of the journals where the papers investigated were published weighted by the number of papers in each journal. This solution leaves the selection of the standard to the respective authors themselves. Its use can cause, therefore, serious discrepancies if the Publication Strategy 4-6 of the authors investigated is not conform with that of the average of the respective subfield. Publishing in periodicals with low impact factor would offer, namely, less chance to be cited, but there are papers which may get (much) higher credit (the obtained/expected ratio is greater than unity) than the average paper in the respective journal. 7 Relating, however, the obtained number of citations per paper received by them to another standard, to the average citedness of papers on the respective field (expected number of citations per paper), the obtained/expected ratio may be less than unity.
There are several methods for calculating relative indicators by relating citations obtained to citations expected, disregarding the standards selected (Table 1) Legends npi: number of papers in the i-thjournal N: totalnumber of papers hpi: impact factor of the i-thjournal hi: impact factor of the journal where the i-th paper was published epi: number of citations received by papers in the i-thjournal el: number of citations received by the i-th paper Cpl: Tables 1 and 2 Scienlometrics 36 (1996) Scientometrics 36 (1996) obtaining more citations by papers published in journals with higher over that in journals with lower impact factors can be assumed as a proof to the correspondance between the impact of the papers evaluated and that of the journals publishing those papers. The rank of the citeria mentioned is supposed to be the rank of importance in revealing scientific impact.
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In order to apply the a priori criteria in the Model for Quantitative Selection of Relative Scientometric Impact Indicators, some assumptions should be made as follows.
1./ The scientometric unit of the impact of publications is the citation. 2./ All citations are'equal.
(Although it is well known after G. Orwell that there are citations, like animals, which are "more equal".) This means that the "value" of citations is assumed to be independent on date (i.e. publication and citation windows are disregarded), place (i.e. type and eminency of periodicals are disregarded), author (i.e. eminency of citers is disregarded) etc.
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3./ The scientometric unit of information in natural sciences is the scientific paper.
(By "paper" we mean "standard" papers, reviews, short communications, notes and letters.) 4./ All scientific papers are equal, independent of topic, length, language etc. except for the impact factor of the publishing journal and number of citations received.
5./ The measure of the impact of a journal is equal to the mean citedness of papers published in it.
The distribution of citations among the papers of a journal was found to be rather skew, 7 nevertheless the mean citedness of journals is believed to reflect the average impact (use, quality, eminency, visibility, etc.) approximately correctly within a given subfield. In order to find relative indicators which can fulfil the criteria mentioned some model experiments were performed. Table 2 contains data for eight (a-h) examples. The examples refer to different numbers of papers published in three journals (npl; %2; np3) with different impact factors (hpl = 1; hp2 =2; hp3 = 3) and received different numbers of citations (Cpl =2; Cp2=4; Cp3--9 ). Data and calculations given in Table 3 offer details of the methods used for Example a in Table 2 . Table 4 summarizes the results obtained. Table 5 enlightens the ratios of the indicators calculated.
Results and discussion
The assessment of the compability of the indicators with the a priori criteria of the Model for Quantitative Selection of Relative Scientometric Impact Indicators is given as follows. (Table 2 and 4) because the difference in the total number of citations is equal to one only (F, ci= 15 for a and 16 for e). The values calculated with data e for Rp, Rj, RN, RCR and R w indices compared to those with a are as follows: 1.04, 1.02, 1.03, 1.06, 1.06, respectively (Table 5 ). In the mentioned example RCR and R w offer the greatest sensitivity (1.06) on the increase in the number of citations.
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Criterion II:
More publications in journals with higher impact factor should result in greater imnact. Consequently, the rank of the examples by the sum of impact factors of papers ( .phi ) should be as follows: a=c=e=f=g=h>b=d (Table 2 ).
In Example a nine papers are published in journals with impact factor h=3, four in those with h=2 and two in journals with h= 1, whereas Example b shows an opposite Table 4 ).
This means that Rj, R N and RCR "punish" preferring journals with greater impact factor whereas Re and R w are not sensitive of changes in publication strategy.
Criterion lll:
More citations to papers in journals with higher impact factor should result in greater impact. (One of the reasons for that may be that journals of high international prestige are preferred by all scientists among them by those who may be seen as "opinion leaders" on the respective subfield. Receiving about the same number of citations to a paper published in a journal of large impact factor as the average paper in that journal means meeting the high international standard. And this may be assumed as an unwritten norm for each author.)
Let us compare the indicators calculated for Examples a and c (Tables 2, 4 ). All parameters are similar for both cases except for the distribution of citations (Cpi) obtained by the papers in journals (2, 4, 9 vs. 9, 4, 2 citations to papers in the given journals with impact factors 1, 2, 3, respectively). The Rp, Rj, RN, RCR and R w indices for Example a are as follows: 0.466, 0.610, 0.500, 0.405, 1/h m, respectively whereas for c they are 0.777, 1.619, 0.953, 0.405, 1/hm, respectively. It would be required for indicators calculated for Example a to be greater than those for c. None of the indicators fulfils this requirement. Only RCR and R w show identical values for both cases, i.e. do not "punish" receiving more citations to papers published in journals with greater impact factor.
Summarizing the results obtained by analyzing the relative impact indicators by the given a priori criteria, we cannot be satisfied with the presented indices. None of them fulfils all the three criteria perfectly. The first criterion is fulfilled by r of them with RCR and R w offering the greatest sensitivity. The second and the third criteria are not fulfilled by any of them. Indicators Rp and R w and RCR and R w, respectively, do not show an undesirable, reverse effect on changing the conditions. Rp, however yields lower impact for papers obtaining more citations (c=d>e) and RCR decreases by publishing more papers in journals with greater impact factors (b > a). Consequently, of the impact indicators discussed here R w seems to be the most appropriate from the viewpoints of the mentioned criteria.
Some aspects of the standards for relative impact indicators
The crucial point in the application of the R w index is, however, the determination of the mean impact factor of journals of the respective subfield (hm). This task can be solved by selecting a set of journals the topic of which is common with the activity field of the person or team evaluated. The selection can be performed by several methods (Hirst, Committee, Expert etc). 5 Although the R w indicator has great significance in special analyses by subfields 12 and in investigating greater amount of data, it has not gained general acceptance yet.
Application of a novel absolute reference standard (hm)
In most cases it is difficult to render an appropriate set of journals to the activity field of a team. Therefore, a novel reference standard, the mean impact factor of journals (h,n) referenced in the papers of the authors to be evaluated is suggested here, for relating the impact of the output information produced by the respective organization. The referenced papers may form an input information pool of which features can be assumed to approximate that of the output. Information referenced and produced form two related data pools, the relationship of which can be measured by the Total and Specific Literature Overlap indices (TLO and SLO, respectively). 13 From the investigation of TLO and SLO indices derived from publication, citation and reference data of some chemistry teams, the conclusion could be drawn that the scope of about 40-70 per cent of the total of referenced periodicals is closely related to that of journals in which the papers of the teams were published. Consequently, it seems to be a good approximation to calculate the reference standard (hm) as the weighted mean of the impact factors of the journals containing together about 50 per cent of the total number of references ranked by the number of references. As weighting factors, the number of references referring to the respective journals can be used.
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The h m data calculated from the references in papers of the research teams investigated are given in Table 6 , along with the relative impact indicators calculated for four research teams in the Central Research Institute for Chemistry of the Hungarian Academy of Sciences.
It is remarkable that the relative impact indicators referring to the teams are not significantly different except for R w (Table 6 ). Team T(M) working in the field of Macromolecular Chemistry represents a special case. The journals dedicated to this discipline show significantly lower impact factors in average than those of e.g. Organic Chemistry or Physical Chemistry. l~ The number of citations obtained by T(M) is relatively high (r~ci=100). These two factors may give the reasons for the very different relative impact indices in Table 6 .
The R w indicators run parallel with the RCR indices although their absolute values are much lower except for team T(M). The mean impact factors of the journals (H n) in which the papers of the teams were published reveal that only one of the teams, T(M) publishes in journals similar in impact level to the level of referenced ones (hm). In other words the Publication Strategy and Citation Strategy 6 of the team are in accordance. The quality of the input information (h m of referenced papers) for teams, T(O), and T(P) and T(S) seems to be much higher in average than that of the output (Hm).
Analysis of the data in Table 6 shows that the greater the hm/H m ratio the greater the RCR/R w one.
The Rp, Rj, R N and RCR indices in Table 6 do not show great-differences except for team T(M). This fact draws attention to the importance of the cantios selection of the method for calculating relative impact indicators for teams working on different scientific fields or subfields.
Conclusions
The present paper attempts to select relative scientometric impact indicators by special criteria. Evaluation of research performances by scientometric indicators is a complicated endeavour. Nevertheless, aestimare necesse est (assessing is necessary) from practical points of view. Indicators independent (at least partly) of the persons to be evaluated should play an important role in the evaluation process. Selection of goals and criteria is the starting step of any evaluation. Goals and criteria should determine the data and indicators applied in the assessment process. Criteria and indicators should be compatible. The present author hopes that more appropriate relative scientometric impact indicators for evaluation purposes than the presented ones could be elaborated in the near future.
